A genetic monitoring of the BALB/c mouse foundation colony in our animal facility was carried out. The techniques of choice were skin grafting, coat colour test, flow cytometric analysis for H2 antigens (loci H2-D and H2-AL electrophoretic analysis of isoenzymes (loci 1dhl, Pep3, Es3 and ModlL PCR-amplified microsatellites (loci Ngfg, PIau, Crp, Igh, D16Mit5, D3Mit49 and D17Mit16) and DNA fingerprinting (multilocus probes 33.6, 33.15 and (CAC)s). No evidence of genetic contamination was found, ruling out the possibility of an outcross with AKR, the other albino strain maintained at the facility. Nevertheless, DNA fingerprint patterns revealed evidence of genetic heterogeneity in four out of nine lines of the nucleus colony, interpreted as minisatellite mutations favoured for a single line system with more than 40 generations of separation from the ancestral pair. These mice are mainly used in cancer and immunological research within the institute.
out, genetic quality control in the BALB/cJ colony was undertaken. This is the most widely requested strain of our animal facility and it is mainly used in experimental cancer and immunology studies.
For special purposes, our foundation colony consists of a 9 independent line system tracing back to a single ancestral pair in 1980. A particular set of markers was chosen looking for BALB/c authenticity and to distinguish a possible AKR outcross, the other albino strain maintained at the facility.
Materials and methods

Animals
A total of 36 adult (4-8-month-old) female BALB/cJ mice were obtained from our Laboratory Animals (1998) 32, 8D-85 conventional colony. Of these, 18 animals, two from each line, were first used in the reciprocal skin grafting circle and, once the observation period was concluded, the mice were killed by cervical dislocation. Spleen, liver, kidney and serum samples were taken and storedi lymph node cells were obtained and used in flow cytometric analysis. The other 18 female BALB/c mice were used as mothers in the test cross with DBA/2 and a total of 95 (BALB/ cJ x DBA/2)Fl' CD2Fl hereafter, were obtained. AKR/J skin and lymph node cells were used as allogeneic controls. DBA/2 and C57BL/6 serum and kidney samples were used as a source of markers in the allozyme analysis. All animals used in this study were bred under controlled environmental conditions of temperature (20-22°Cl, humidity (50%) and light (12/12h=light/dark). Commercial pelleted food and water were available ad libitum.
Skin grafting
The reciprocal tail skin grafting method (Bailey &. Usama 1960) was used. Three cycles of six animals each were performed. The observation period was extended for 120 days. Syngeneic (autografts) and allogeneic grafts were carried out as controls.
Coat colour test
A total of 18 test crosses between female BALB/cJ and male DBA/2J were set up with a final production of 95 CD2F1 (Nomura et a1. 1984) .
Flow cytometric analysis for H2 antigens
Lymph node cells 11x 106)from BALB/cJ and AKR/J lI).icewere stained with the appropriated fluorescein isothiocyanate (FITC) labelled mouse monoclonal antibody. Negative controls consisted of cell preparations stained with the appropriately conjugated species of IgG, and were used to set background gates. Viable cells (2 x 104)were analysed on a FACScan by using the Lysys II program (Becton Dickinson) to quantify flourescence lKahan et a1. 1982).
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Monoclonal antibodies
The following mAb were used: clone 15-5-5 to H2-Dk, clone 34-2-12 to H2-Dd, clone 11-5.2 to H2-Ak and clone AMS-32.1 to H2-Ad antigens IPharMingen, San Diego, USA). Directly conjugated mouse IgG used for control staining were also purchased from PharMingen.
Allozyme analysis
In order to detect heterogeneity due to a possible outcross with the AKR strain, 4 loci with differential alleles were chosen. Kidney and serum samples of experimental animals were used to obtain homogenates. 1dhi, Pep3, and Modi allozyme patterns were obtained by electrophoretic analysis in cellulose acetate plates (Titan III, Helena Lab); Es3 patterns were achieved in non-denaturing polyacrylamide minigels (Mini Protean II, Bio-Rad) as described elsewhere (Harris 1976 , Groen 1977 , Nomura et a1. 1984 .
Microsatellite analysis by polymerase chain reaction (PCR)
DNA was prepared from liver using the method of phenol/chloroform as described elsewhere. A critical subset of eight microsatellite loci selected to discriminate among the five inbred strains maintained at our facility (BALB/c, AKRI DBA/21 C57BL/6 and C3H) were analysed: 19h-V (Chrom 12), Ngfg (Chrom 7), Piau (Chrom 14), Crp (Chrom 1L 19h (Chrom 12) D16Mit5 (Chrom 16L D3Mit491Chrom 3), D17Mit16 (Chrom 17) (Love et a1. 1989 , Montagutelli et a1. 1991 . Oligonucleotides were a gift from Dr Jean Louis Guenet and Xavier Montagutelli at the Pasteur Institute, Paris. Buffers with 1.5 mM MgCl 2 (Piau, 19h, D16Mit5) and 1.0mM
MgC12 IIgh-V, Ngfg, Crp, D3Mit49, D17Mit16) were used, reaction volumes were 25 ttl and samples were overlaid with mineral oil. After initial denaturation (94°C for 4 minL 40 cycles of the PCR were carried out under standard conditions using a MJ Research Thermocycler: 1 min at 94°C, 1 min at 55°C and 30 sat 72°C, followed by a final incubation at 72°C for 10 min. The products were analysed by electrophoresis through a vertical non-denaturing 8% acrylamide gel in TBE buffer (using the Bio-Rad Mini Protean II apparatus) and bands were detected by ethidium bromide staining. Control strain DNA was obtained from the Pasteur Institute, Paris.
DNA fingerprinting
Genomic DNA (10 jig/sample I, prepared from liver tissue by phenol/chloroform extraction, was digested overnight at 37°C with 100 units of Hinf I restriction enzyme (GIBCO BRL, Maryland, USA) and electrophoresed on 0.8% agarose gel at 15 V for 48 h. After ethidium bromide staining the gels were transferred with 20 X SSC to a nylon membrane and fixed at 80 DC for 2 h, denatured in 0.5 M NaOH/O.15 M NaCl, pH 8, for 30 min at room temperature and equilibrated in 6 X SSC prior to hybridization. The DNA was soaked for 45 min with QY blocking solution (Promega, Madison, USA) and hybridized with alkaline phosphatase-conjugated oligonucleotides in QY low stringency solution (Prom ega, Madison, USAl for 45 min at 50°C (probes 33.6 and 33.15, Cellmark, England) and 35°C (probe (CAC)sl (Jeffreys et al. 1987 , Schafer et al. 1988 . After washing, the membranes were soaked in QY chemiluminescent substrate (Promega, Madison, USAl for 5 min and the DNA fingerprint patterns were developed with Xray film exposure for 60 min at 37°C. Control strain DNA was obtained from the Veterinary Resources Program, NIH, Bethesda, USA.
Results
Skin grafting
Grafts were inspected daily for 3 weeks from day 10, thereafter once a week until day 120 post grafting (2 animals were discarded for technical failure). No signs of acute rejection were observed in the first period in these animals (n=16I, and although signs of chronic rejection are difficult to assess, no hair loss, reduction in size (less than 25% shrinkage) and cicatrization were detected in the whole period of observation, suggesting no outcrosses.
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Coat colour test
A total of 95 CD2Fl animals were obtained from the test crossing, coat colours were observed by the naked eye once the Fl progeny had reached the age of full expression. All hybrid Fl mice had the expected brown-agouti (cinnamon) phenotype with Cc Aa bb Dd assumed genotype.
Flow cytometric analysis for H2 antigens Affinity-purified monoclonal antibodies to Mhc class I and class II specificities were used and their binding to BALB/c mice lymph node cells (n=181was measured. No expression of H2-Dk and H2-Ak molecules was observed suggesting that these animals were not genetically contaminated with AKR alleles at MHC level: H-2Dk in BALB/c =1.2±0.22 (18) (% positive cells±SD (nl)' in AKR=99.97 ±0.11 (6).
H-2Ak in BALB/c=1.4±0.23 (18), in AKR=17.78 ± 0.8 (6). The results for the expression of H-2Dd and H-2Ad molecules confirm the authenticity of our BALB/c mice at the MHC: H-2Dd=99.77±0.1O (18) and H-2Ad=23,OI±3,74 (18)..
Allozyme analysis
The results of the four loci analysed, in order to detect a possible outcross with AKR, showed a perfect correlation with the expected BALB/c alleles (Idhl a , Pep3 a , Es3 a and Modl a l and no AKR alleles were observed.
Microsatellite analysis by PCR
The results of the eight loci analysed showed a match with control strain DNA and a perfect correlation with the expected BALB/c alleles: Igh-V (164 bp), Ngfg (130 bp), Plau (185 bpI, Crp (160 bpI, 19h (192 bpI, D3Mit49 (152 bpI, D16Mit5 (139 bp) and D17Mit16 (110 bpI.
DNA fingerprinting
Since DNA fingerprinting has been simplified with the use of alkaline phosphataseconjugated synthetic probes, it was decided to incorporate this technique into the genetic monitoring routine. Jeffrey's minisatellite probes 33.6 and 33.15 as well as microsatellite probe (CAC)s and others are known to hybridize (at low stringency) to mouse DNA and detect multiple variable loci, generating DNA 'fingerprints' that vary between inbred strains but are supposed to be identical within BALB/c inbred strain (Jeffreys et aI. 1987 , Schafer et al. 1988 . The figures depict the fingerprints from DNA samples comprising the nine independent lines of the nucleus colony and control DNA, digested with Hinf I and hybridized to (CAC)s (Fig 1) ; 33.6 ( Fig 2) and 33.15 (Fig 3) probes successively in the same membrane.
Fifteen fragments were identified and selected for analysis in the range of 2-20 kb and individual patterns were compared with each other and control DNA. Basically, the patterns have been similar to BALB/c strain control although signs of heterogeneity arose as gain of new bands and band shifting in four out of nine breeding lines counting the three probes (changes in the relative intensities of hybridizing DNA fragments were not included). With (CAC)s (Fig II, a single band shifting (a higher fragment) was detected in breeding line III (see arrow in lane 4), in the case of 33.6 (Fig 2) a strong new band of 6,5 kb was found in breeding line XV (see arrow in lane 11) and also two band shiftings (lowered fragments) in breeding lines lV and IX respectively (see arrows in lanes 5 and 7). The 6,5 kb band was also found in a stored DNA sample from a nine-generation distant animal of the same line (XV)as evidence of fixation (see arrow in lane 12). This 6,5 kb new fragment was also co-detected by 33.15 probe (see arrow in Fig 3) , although no other changes in the band pattern were observed with this probe. As the two mice of each line showed the same fingerprint with each of the three probes we assumed that all additional bands were inheritable. None of these new bands were present in AKR fingerprints, ruling out this origin. In our results, probe 33.6 showed the greatest level of heterogeneity with changes in three out of nine breeding lines. All these results were repeatable and confirmed in further membrane preparations.
Discussion
To our knowledge, this is the first type II genetic monitoring (groups of minimum loci specially selected to discriminate among several strains), comprising coat colour, immunological, biochemical and molecular genetic markers, carried out in an inbred mouse colony in our country. This quality control has been carried out in BALB/c strain because it is, by far, the most requested strain from our animal facility. In our BALB/cJ nucleus, a special colony management was set up in order to maintain independent breeding lines carrying different sets of exogenous mouse mammary tumour virus (MMTVI virus. This particular situation allowed us to investigate independent breeding lines with more than 40 generations from the ancestral pair obtained from The Jackson Laboratory in 1980. Although no evidence of genetic contamination was found (paying special attention to AKR outcrosses), DNA fingerprinting revealed evidence of genetic heterogeneity within the foundation colony in four out of the nine breeding lines. Human minisatellite probes are known to produce DNA fingerprints that are supposed to be specific for each strain, though minor variations exist within some strains and sex-dependent hybridization Benavides et al. intensity have been reported [Jeffreys et al. 1987) . Nevertheless, many authors considered DNA fingerprinting as a valuable addition to the various methods that already exist for the authentication of inbred strains of animals (Kurtz et al. 1989 , Festing 1990 . We have interpreted this heterogeneity as germline mutations which have presumably arisen during the breeding of these lines. Minisatellite loci are associated with high levels of tandem repeat number variability, reflecting high rates of spontaneous mutations to newlength alleles. At the most variable loci, this mutation rate is directly measurable by pedigree analysis. This is the case with the extremely unstable Ms6·hm locus described by cross-hybridization to human probe 33.6, with germline mutation rate to new-length alleles of 2.5% per gamete (Kelly et al. 1991) .
Although no evidence of genetic contamination was found in our BALB/cJ colony, because of the importance of genetic homogeneity within an inbred strain, we have separated these lines (III, lV, IX and XVl from the breeding nucleus.
